A b s t r a c t Natural potential of bioactive compounds accumulated by plants is often not taken into account in particular breeding. Biofortification, the enrichment of basic food crops with essential vitamins and minerals using breeding, is one of the most notable recent innovations in agriculture. In this paper, we studied pigment composition with regard to the amount of carotenoids and their contribution to fruit coloration in 20 accessions of different species of genus Capsicum. Red and yellow pigment levels and their ratios detected in the study were indicative of the carotenoid composition in fruits of each species. Also the varieties differed significantly in the carotenoid accumulation. In temperate climate of Moscow region the highest amount of pigments was found in the sweet variety Shokoladnyi (C. annuum; 0.536 mg/g), and in the spice varieties Purpurnyi tigr (C. annuum; 0.708 mg/g), Kitaiskii fonarik (C. baccatum; 0,685 mg/g), Ideya (C. annuum; 0.629 mg/g) and Chudo Podmoskov'ya (C. annuum; 0.628mg/g). The highest level of ascorbic acid was accumulated by chili pepper Ideya (C. annuum; 414 mg%), Rozhdestvenskii buket (C. annuum ½ C. frutescens; 370 mg%), Yubileinyi VNIISSOK (C. annuum; 326 mg%), and Ognennaya deva (C. chinense; 301 mg%). The ascorbic acid content did not depend on fruit color and plant species. Among the sweet pepper varieties high total antioxidant content (TAC) was characteristic of hybrid F 1 Oranzhevoe naslazhdenie (C. annuum). The maximum total antioxidant amounts, as milligram equivalents (MME) of gallic acid per g, were 2.82 for Rozhdestvenskii buket (C. annuum ½ C. frutescens), 2.65 for Ognennaya deva (C. chinense), 2.57 for Idea (C. annuum), and 2.19 for Kitaiskii fonarik (C. annuum). In assessment of thermostable antioxidants extracted with 80 % ethanol at 60 С it was shown that the unstable antioxidants, mainly ascorbic acid, averaged 16 % of the total antioxidants. Rozhdestvensciy buket, Kitaiskii fonarik, Purpurnyi tigr, Ognennaya deva plants, additionally to antioxidants, can accumulate one of the strongest natural antioxidant, the capsaicin, which determines their hot taste. The capsaicin content of the studied chili peppers varied from 1.36 to 9.57 mg/g of dry weight. High contents of carotenoids, ascorbic acid and TAC combined with capsaicin at 8 to 9 score points increase the total antioxidant capacity of these samples.
The global burden of disability is estimated by DALY's (disability adjusted life years), which in medicine means the number of years lost, adjusted for the duration of disability. In 2000, 136 million years of healthy life was lost in Europe, including over 56 million years due to nutritional factors. Analysis using DALY's shows that in Europe the cause of almost 60% of diseases is high blood pressure, smoking, excessive alcohol consumption, high cholesterol, overweight, insufficient intake of fruits and vegetables and a sedentary lifestyle [1] [2] [3] [4] . Four of these risk factors are closely related to nutrition. According to some researchers, the state of health of modern man is largely determined by the nature, completeness and structure of the diet [5] , which must be balanced by the complex of nutrients necessary for the body to level out the increasing effect of stressors.
High grade food of plant origin, including vegetables, is deemed effective way to reducing the risk of many diseases associated with metabolic disorders. Biofortification, which is the enrichment of foods with essential vitamins and minerals through selection, has become one of the most notable innovations in plant breeding. Until now, there is practically no production of vegetables for functional purposes in Russia, and breeders often do not pay due attention to the natural potential of plant accumulation of bioactive compounds during breeding for qualitative traits.
Pepper, like many other vegetable crops, is the source of the most important biological components such as macro-and microelements, antioxidants and vitamin C. Peppers are rich in carotenoids, various acids, sugars, polyphenols, especially flavonoids, quercetin and luteolin. Pepper can be included into the dietary products category [6] [7] [8] [9] . Capsaicinoids, another biologically active substance specific for the Capsicum genus, in small concentrations acts as a gastroprotective agent, and also has a local analgesic effect [10, 11] . Among the fatsoluble compounds present in peppers, carotenoids occupy a special place with their important role in the prevention of gastric ulcers, age-related macular degeneration and cataract, and stimulate the immune system [8] . All these compounds are included in the antioxidant pool. Consumption of pepper fruits reduces the risk of inflammation [12] , cancer [13] [14] [15] and chronic non-infectious diseases, including cardiovascular, diabetes [16] [17] [18] and obesity [13, 14] .
Coloring is one of the most important indicative parameters of quality for pepper fruits and products based on them. Four genes (y, c 1 , c 2 , cl) with epistatic interaction control and about 20 carotenoids (yellow-red pigments) form the color of mature Capsicum genus fruits, but the way of carotenoid synthesis inheritance as well as genetics of color intensity is not fully understood. Capsanthin, capsorubin and cryptoxanthin are found only in the Capsicum genus and serve as effective free radical stabilizers. Red color of pepper fruits is determined by capsanthin, capsanthin-5,6-epoxide and capsorubin, yellow-orange color is due to zeaxanthin, β-carotene, β-cryptoxanthin, violaxanthin, antheraxanthin and cucurbitaxanthin A [19] . Capsanthin in mature red fruits amounts to more than 60 % of the total carotenoids.
Genotype, environmental conditions (light, temperature, mineral nutrition, atmospheric composition) and agrotechnologies (e.g., ripeness at harvesting, irrigation system) affect the antioxidant status of the fruit [20] . There are conflicting data on the effect of heat treatment of vegetables in cooking in the literature 22], while other works evidence for its increase or preservation [23, 24] .
In this paper, the comparative studies of the antioxidant status of fruits in varieties and species of both sweet and hot peppers were first associated with Capsicum spp. biofortification in a temperate climate conditions. It is established that the color of fruits and its intensity in some genotypes is determined by the sum of carotenoids, while in others is due to the presence of only one group of pigments. No direct relationship is observed between the total content of carotenoids, capsaicinoids and the antioxidant status of pepper fruits.
The purpose of our work is to reveal the peculiarities of the antioxidants accumulation in the organs of different pepper varieties and types in case of insufficient heat supply, to evaluate the contribution of the thermostable antioxidants to their total quantity and to identify forms promising for breeding.
Techniques. Four samples of sweet Capsicum annuum pepper and 16 samples of hot peppers of different ecogeographical origin, belonging to C. annuum, C. baccatum, C. pubescens, C. chinense and C. frutescens species, were studied in unheated film greenhouses in the temperate climate zone (Moscow Region, 2015 -2016 . Plants were grown from May to October (the agrotechnology corresponded to the one that is generally accepted for film greenhouses). The experiments were arranged in four replications; the plots (5 m 2 each) were randomized; a sample size per estimation was 20 plants. In order to minimize the influence of weather conditions, layering and other factors, the comparative evaluation was performed in one year, on the same plants, on the fruits of the same tier, at the same time.
In biochemical analyzes, plant material was milled in a homogenizer with the extractant. The total antioxidant capacity (TAC) was determined amperometric method [25] , adapted for the determination of hydrophilic and lipophilic fractions. The result was expressed via gallic acid equivalents (mgequivalent GA/g). Ethyl alcohol of 80 % [26, 27] or a mixture of acetone and ethyl alcohol (1:1 v/v) was used [29] when extracting. In case of using ethyl alcohol, the analysis was carried out in two ways. In the first one, the plant material milled in the solution was placed in test tubes with lids and heated at 60 С in a water bath for 60 min [26] . In the second one, the heating stage was passed [27] , as well as for the extraction with a mixture of acetone and ethyl alcohol. The homogenate was then centrifuged for 15 min at 10,000 g and 4 С. An aliquot of the supernatant was used to determine antioxidant concentrations, diluting, if necessary. The measurements were carried out on a Tsvet-Yauza-01-AA device (NPO Khimavtomatika, Russia) in a constant current mode.
The pigment content was determined spectrophotometrically. The samples were homogenized in acetone and left for 1 hour at 5 °C in the dark. The homogenate was centrifuged and the absorbance of the supernatant was measured. The approach applied had been proposed by Hornero-Mendez et al. [19] . It is based on the properties of chromophores of carotenoids, which allow grouping them into two isochromatic families -yellow and red pigments. The content of each isochromatic fraction (mg/ml) was calculated by the formulas:
Red pigments Yellow pigments = Сoncentration of deoxidized ascorbic acid was determined iodometrically by titration of the extracts with potassium iodate in the presence of potassium iodide and starch in an acidic solution [29] . The amount of dry matter was evaluated after drying in an oven to a constant absolutely dry mass for 2 days at a temperature of 85 С.
Statistical data processing was carried out with Origin Pro 9.0 software (http://www.originlab.com/Origin). Mean (X) and standard errors of mean (±SE) were calculated.
Results. It is known that all representatives of the Capsicum genus accumulate the largest amount of capsanthin, capsorubin and cryptoxanthin in their fruits [19] . The analysis of the content of red and yellow pigments in the fruit testified to the originality of the quantitative content of carotenoids in each species. There were significant varietal differences in the accumulation of carotenoids. The content of red and yellow pigments determines not only the color of the fruit, but also the color intensity. In a hybrid of sweet pepper F 1 Oranzhevoe naslazhdenie with a rich orange color of the fruit, the yellow pigment level was 6.20 times higher than in red-colored, with the 0.16 ratio of red and yellow pigments; in the Zheltyi buket variety with a yellow color of the fruit, the excess was 1.34-fold with a quantitative pigment ratio of 0.75 (Table 1) During the phase of biological ripeness of fruits in most studied varieties, β-carotene amounted about 10 % of total carotenoids. The bright red color of the F 1 Sibiryak hybrid was due to higher content of red pigments. The highest quantity of carotenoids among sweet pepper varieties was noted in Shokoladnyi with a brown skin and burgundy-red pericarp at biological ripeness (with yellow and red pigments 0.205 and 0.331 mg/g, respectively). The ratio of red and yellow pigments in the Shokoladnyi variety was 1.61. F 1 Sibiryak with a bright red color of the fruit showed 1.56. Apparently, the presence of a significant amount of yellow and red pigments in the fruit of Shokoladnyi variety in combination with proteins could cause the formation of a brown color. According to A.S.H. Ong et al. [30] , pigments provide color from yellow to dark red, and in combination with proteins can give green and blue color.
Red pigments prevailed in all samples of hot pepper with red fruits at biological ripeness. The same trend was observed in Trinidad Scorpion Chocolate hot pepper: the ratio of red and yellow pigments was 2.03, but the color of the fruits at biological ripeness was brown. In Trinidad Dglahou with a red color of the fruit, the amount of yellow pigments was 1.5 times greater than that of the red ones, 0.119 and 0.077 mg/g, respectively. In both forms, the fruits were in a dark violet almost black color at technical ripeness phase.
We found red pigments in sweet peppers F 1 Oranzhevoe naslazhdenie (orange fruits) and Zheltyi buket (yellow fruits), 13.7 and 42.7 %, respectively. This trend was not observed in the hot peppers. In all the hot peppers with yel-low fruit coloring (Ideya, Kolokolchik, Bhyt jolokia, Mech), only yellow pigments and traces of red pigments were found. The largest accumulation of pigments occurred in sweet paper Shokoladnyi (0.536 mg/g) and in hot papers Purpurnyi tigr (0.708 mg/g), Kitaiskii fonarik (0.685 mg/g), Ideya (0.629 mg/g), and Chudo Podmoskovya (0.628 mg/g). Vitamin C is an important intracellular antioxidant along with carotenoids, protecting the human body from both free radicals and peroxides [31] . Peppers are among the leaders of vegetable crops for vitamin C level. The highest amount of ascorbic acid was found in hot peppers Ideya (414 mg%), Rozhdestvenskii buket (370 mg%), Yubileinyi VNIISSOK (326 mg%), and Ognennaya deva (301 mg%). Note that the vitamin C level did not depend on species or fruit color. Among the members of different species there were varieties with both red and yellow fruits ( Table 2 ). There were no significant differences in the indices depending on the extractant used. Only four hot pepper varieties, Rozhdestvenskii buket, Samotsvet, Tsyganenok, Ognennaya deva, showed the differences of 40-70 % in SSA depending on the extractant.
Antioxidant accumulation in fruits of various peppers
Among sweet peppers, F 1 Oranzhevoe naslazhdenie plants had high antioxidant values. The maximum sum of antioxidants among the hot peppers was in Rozhdestvenskii buket (2.82 mg-equivalent GA/g), Ognennaya deva (2.65 mgequivalent GA/g), Ideya (2.57 mg-equivalent GA/g) and Purpurnyi tigr (2.19 mg-equivalent GA/g). The value of TAC varied significantly, depending on the variety and species. The estimation of total antioxidant whole, given their cooperative action, allows isolating the genotypes rich in antioxidants to involve them breeding as a parental forms. Rozhdestvenskii buket, Kitaiskii fonarik, Purpurnyi tigr, and Ognennaya deva varieties accumulated more capsaicin, another strongest natural antioxidant which determined the burning taste of pepper fruit, than other samples. The level of capsaicin in the studied hot pepper samples varied between 1.36-9.57 mg/g dry weight [32] . High content of carotenoids, ascorbic acid, total antioxidants and capsaicinoids (8-9 point pungency) further strengthened the synergetic antioxidant effect.
The high content of dry matter (over 10 %) in fresh hot pepper fruits at biological ripeness (see Table 2 ) determines their use for multivitamin products with high antioxidant activity. Samotsvet, Kitaiskii fonarik, Purpurnyi tigr and Yubileinyi VNIISSOK peppers contain more than 17 % dry matter, which allows quick drying fruits used for paprika powder and guarantees high quality of sauces and pasta.
Assessment of thermostable antioxidants to total antioxidant level when extracted with 80 % ethanol and heated at 60 C for 60 min showed that the contribution of the antioxidants unstable to thermal action, primarily ascorbic acid, was 16 % on average (Fig.) .
Thus, the obtained results allow us to conclude that the Shokoladnyi sweet pepper variety with brown fruits and the hot pepper varieties Ideya, Rocoto, Kitaiskii fonarik, Purpurnyi tigr, Chudo Podmoskovya, and Ognennaya deva are the leaders in pigments accumulation. In all the varieties, except Ideya, red and yellow pigments comparably contribute to pigment accumulation, while for Ideya variety there was a high pigment content solely due to the yellow fraction. Ideya, Chudo Podmoskovya, and Ognennaya deva varieties were characterized by an increased amount of deoxidized ascorbic acid. Ideya, Purpurnyi tigr, and Ognennaya deva varieties were characterized by an increased sum of low molecular weight antioxidants. So, Ideya and Ognennaya deva genotypes may serve as genetic sources of high antioxidant accumulation. The amount of red and yellow pigments, their total content, as well as the accumulation of ascorbic acid and capsaicinoids determine high antioxidant status of these samples, which can be the basis of biofortified foodstuff used both for functional products and in breeding programs.
